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Summary. Distribution of vasoactive intestinal poly- 
peptide (VIP)-immunoreactive nerve fibers and VIP- 
receptor (VIP-R)-immunoreactive sites in the human 
submandibular gland were examined by the peroxidase- 
antiperoxidase method using the specimens taken from 
patients that had not received radiotherapy. 
VIP-immunoreactive fibers were found around both 
serous and mucous acini, the duct system, and those 
around the mucous acini were more numerous than those 
around the serous acini. VIP-R immunoreactivity was 
restricted to the mucous acini and the intercalated duct 
segment. The serous acini, striated duct, and excretory 
ducts lacked VIP-R immunoreactivity. These findings 
suggest that the mucous acinar cells contain VIP-R, and 
that VIP-R-mediated VIP action is  involved in 
regulating synthesis of viscous saliva and its release. 
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introduction 
The human submandibular glands are under the 
peptidergic innervation. Vasoactive intestinal poly- 
peptide (VIP)-, neuropeptide Y (NPY)-, galanin (GAL), 
calcitonin gene-related peptide (CGRP)-, and substance 
P (SP)-immunoreactive nerve fibers are distributed 
around the acini, ducts, and blood vessels, although there 
are some differences in the distribution and abundance 
(Lundberg et al., 1988; Hauser-Kronberger et al., 1992; 
Salo et al., 1993; Kusakabe et al., 1997). In the rat 
submandibular glands, VIP stimulates mucin release 
(Turner and Camden, 1990), and the protein-rich, 
viscous saliva secretion is enhanced by treatment with a 
combination of VIP and SP (Bobyock and Chernick, 
1989; Ekstrom and Tobin, 1989). In vitro, tissues of rat 
submandibular glands released protein in response to 
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NPY (Ekstrom et al., 1996). In addition, VIP increased 
cyclic AMP production in the human submandibular 
gland (Larsson et al., 1986). Based on this, it has been 
considered that regulation of the synthesis of secretory 
products and their release in the human submandibular 
gland may be under the dense peptidergic innervation 
(Lundberg et al., 1988; Hauser-Kronberger et al., 1992; 
Salo et al., 1993; Kusakabe et al., 1997). 
The human submandibular gland is a mixed gland 
which possesses many serous acini and a small number 
of mucous acini, but previous reports on this gland have 
described the distribution of neuropeptide-containing 
fibers without attention to the precise classification of 
the acinar structure. Our recent study of the human 
submandibular gland showed that VIP-, NPY-, and 
GAL-containing fibers were more numerous around the 
mucous acini than around the serous acini (Kusakabe et 
al. ,  1997). The  difference in the distribution of 
peptidergic fibers between the mucous and serous acini 
may be reflected by the different distribution of the 
peptide-receptor sites in these acini. To clarify this, in 
the present study, the occurrence and distribution of 
VIP-receptors (VIP-R) were immunohistochemically 
examined in the human submandibular gland. 
As we recently suggested (Kusakabe et al., 1997), it 
is necessary to state clearly the condition of the patients 
to obtain reliable results in the human tissue, because 
Forsgren et al. (1992) and Franzen et al. (1993) have 
suggested that irradiation causes fluctuation of 
neuropeptide immunoreactivity. For this reason, the 
present study was performed using specimens taken 
from patients that had not received radiotherapy. 
Materials and methods 
Tissue preparation 
Specimens of human submandibular glands were 
obtained from a total of 5 patients (a 45-year-old male, a 
52-year-old female, a 58-year-old female, a 64-year-old 
male, and a 71-year-old male) suffering from laryngeal 
or hypopharyngeal cancer. None of the patients had been 





